INTRODUCTION
Inorganic Polymer Flocculants (IPFs) have gained an increased usage in water treatment industry due to cost reduction and efficiency in particle and organic removal (Edzwald 1993; Duan & Gregory 2003; Sinha et al. 2004; Tang & Wang 2004) . As one of the most efficient IPFs, polyaluminium chloride (PACl) got much attention owing to its high content of Al 13 (O) 4 (OH) 24 7 þ , for which many studies have demonstrated its efficiency on the PACl coagulation process (Gray et al. 1995; Tang & Wang 2004; Kazpard et al. 2006) . Since it was identified and confirmed, the nano-sized tridecameric Al polyoxocation, known as Al 13 , has drawn much attention on its formation and transformation under various conditions, i.e. the pH, aluminium concentration and organic ions (Bottero et al. 1987; Furrer et al. 1992 Furrer et al. , 1999 Molis et al. 1996; Amirbahman et al. 2000; Casey et al. 2000) . Generally, the Al 13 remains stable at the optimal pH (, 5) and relative low concentration (, 10 23 M) in the absence of organic substances and minerals. However, it was found that positive charge of Al 13 maintains when pH below 6 (Furrer et al. 1992) , and aggregates and precipitates appears when pH . 6 (Furrer et al. 1999) . Also, chemical and structural transformation of Al 13 could be promoted by salicylate ligand (Molis et al. 1996) . According to current water treatment practices and priorities, the removal of natural organic matter (NOM) by coagulation has assumed greater importance and polyaluminium has outperformed conventional coagulation in many circumstances. In this regard, the transformation of Al 13 during coagulation would strongly influence the effectiveness, whereas few papers are available and mechanisms are not yet clear.
Investigation suggested that the Al 13 transformed from
the gel with open fractal structure to the bayerite hydroxide doi: 10.2166/wst.2009.064 upon base hydrolysis and aging, and a major rearrangement of of Al 13 must take place when hydrolysis advanced to OH/Al ratio of 3.0 (Bottero et al. 1987; Bradley et al. 1993; Ye et al. 2007a,b) . As various aluminium species interact with particles through different pathways, dominant coagulation mechanisms were initiated and faded away during the coagulation process with varied Al concentration, pH and other conditions. What happens to the Al 13 from independent particles to bridged aggregates and finally amorphous oxides means a lot to the coagulation behavior of polyaluminium with pre-formed Al 13 , and yet few studies have been investigated on. 
RESULTS AND DISCUSSION

Coagulants species transformation
Although large amount of studies have been addressed on the chemical speciation of hydrolyzed aluminium, disagreement on the species transformation has been existed since it was first reported (Bertsch & Parker 1996; Bi et al. 2004) . From the results shown in (Furrer et al. 1999 ), yet investigation needs to be paid on this issue
further. If we assigned [Al 13 ] n to the aggregated Al 13 , the polymeric scale can be explained by the value of n. Species transformation of Al 13 relate to n and structure rearrangement may occur with excess n. However, the quantification of n has not been well studied though some researchers published the numbers of Al 13 for B2.46 and B2.6 (Lartiges et al. 1997) .
Coagulation results
Particle removal and z-potential
Jar test were performed using 50 mg/L working suspension.
The initial turbidity, zeta potential and pH were 70^2 NTU, 219.5^0.5 mv and 7.5^0.2, respectively.
The effect of coagulant dosage as aluminium concentration on the zeta potential and turbidity removal is shown in Figure 2 (a) and (b). It can be seen that the zeta potential increased rapidly and reversed quickly with low dosage for PACl with high content Al 13 (Wu et al. 2007) . At low dosage of 0.005 mM, turbidity removals were ,50% for all the flocculants while zeta potentials remained negative at , 2 10 mv. This kind of coagulation behavior can be attributed to the positive "electrostatic-patches" over portions of particle surface which enhance the particle aggregation by adsorbing negatively charged particle surface (Ye et al. 2007b) . For their most species were stable positively Al b polymer (. 60%), all the flocculants manifested strong charge-neutralization and electrostatic-patch coagulation mechanisms resulting form the rapid adsorption of species onto the particle surfaces at the lower dosage (Wu et al. 2007 ).
Particle aggregation
The aggregation of particles is greatly influenced by various 
DISCUSSION Destabilization and adsorption
Destabilization of negative colloidal particles in natural water can be achieved alone DLVO lines by decreasing diffuse thickness using salts or specific adsorption of highly charged cationic to neutralize particles. Also polymer additives can cause particle aggregation by bridging or charge-neutralization (Duan & Gregory 2003) . From the speciation distribution in the various pH values in Figure 1 , the predominant species of all the coagulants are polynuclear hydrolysis products during coagulation process.
However, different polymeric products are assigned to each coagulant as Al b for B2.46 (Al 13 ) and Al b þ Al c for B2.6 and Alc for B2.7, B2.8. Therefore, destabilization can be distinct from Al 13 to Al 13 aggregates since their charges and structures may be distinct according to the previous reports (Bottero et al. 1990; Casey et al. 2000; Duan & Gregory 2003) . The pH independence of Al 13 molecular decomposition in acidic ph was shown indirectly in Figure 1 by Ferron assay speciation and it agreed well with previous study (Casey et al. 2000) . Compared with aggregated Al 13 , particle destabilization of Al 13 is caused mostly by highly positive Al 13 indicate that CCC of aggregated Al 13 were about 0.01 mmol/L which means particle destabilization occurred at that time. Again we notice the unusual behaviors of B2.46 and B2.6 under pH 6. From the speciation transformation in Figure 1 , some media polymeric species transferred to larger ones at pH 6 for coagulants B2.46 and B2.6 during the coagulation process.
Chemical interaction evolution
Previous studies indicated pre-hydrolyzed coagulants are often found to be more effective than traditional coagulants owing to their substantial component of tridecamer Al 13 (Gray et al. 1995; Tang & Wang 2004; Kazpard et al. 2006) . assembling which is active to the ferron agent but can't be detect by the NMR. Although the surface precipitation of Al 13 may appear in the pH above 6, the newly formed Al 13 is also subjected to the acid-catalyzed decomposition and reformation (Furrer et al. 1999) . Some reports proved that the decomposition reaction can be described as the function of free proton concentration and the half-life at pH 5 reached to hundreds hours (Furrer et al. 1999) . Therefore, it can be inferred that the Al 13 aggregates are combined by the hydroxyl forming larger particles and decomposed when OH group reacted with free protons in the solution.
Because of less hydroxyl groups, the pure aggregates are less than pure Al 13 , while the turbidity removal remains high above pure Al 13 especially for the aggregate with higher basicity and larger particle size. The benefits of Al 13 aggregates can enhance the charge neutralization ability of pure Al 13 and make up its shortage of amorphous hydroxide.
